I. The effect of the soya-bean protein isolate and casein, both given zoo g/kg diet for 3-4 weeks, on serum cholesterol was compared in male rats.
Recently, the effects of dietary protein on hypercholesterolaemia and atherosclerosis have received much attention. Carroll and co-workers (Carroll & Hamilton, 1975 ; Hamilton & Carroll, 1976 ; H a e t al. 1977) have carried out studies on the effects of animal or vegetable protein on plasma cholesterol levels in rabbits ; animal proteins were more cholesteraemic and atherogenic than vegetable proteins. Comparative studies with casein and soya-bean protein have also been performed in rabbit (Belton & Truswell, 1978; Fumagalli et al. 1978) and in various other animals such as rat (Yadav & Liener, 1977) , chicken (Hevia & Visek, 1979) and swine (Kim et al. 1978) . In man also vegetable protein appears to be less cholesteraemic than animal protein (Carroll et al. 1978; Noseda et al. 1979; Sirtori et al. 1977 Sirtori et al. , 1979 , although Anderson et al. (1971) have shown that substitution of animal proteins by vegetable proteins has no significant effects on serum cholesterol levels in healthy adult males.
The mechanism of action by which plant protein exerts its hypocholesteraemic effect is not clear. One possible source of the difference between casein and soya-bean protein might be in their relative amino acid composition. Huff et al. (1977) using a low-fat cholesterolfree diet found that in rabbits when the proteins were partially hydrolyzed the differences in cholesteraemia persisted, but that this was not necessarily the situation when component amino acids were fed. In contrast, Yadav & Liener (1977) using an amino-acid-mixture diet high in cholesterol demonstrated a significant difference in the serum cholesterol level of rats. Kritchevsky et al. (1978) and Kritchevsky (1979) have paid attention to the difference in the ratio, arginine :lysine; in soya-bean protein it is twice that of casein. There is also a possibility that the actual level of these two amino acids seems to be the determining factor (Kritchevsky, 1979) .
It has been suggested for some time that the reduction of plasma cholesterol by vegetable
proteins is not due entirely to the protein itself but due partly to non-protein materials present in fie preparations. Potter et al. (1979) have suggested that the hypocholesteraemic action of whole soya-bean protein or protein hydrolysate is attributable, not to the amino acid composition, but to the presence of saponins as previously presumed by Oakenfull & Fenwick (1978) . The present study was undertaken to investigate the effect of casein or the soya-bean protein isolate on serum levels of cholesterol in male rats. Since in many of the preceding studies rather crude soya-bean protein preparations (in some instances no details of preparation were given) were used, the soya-bean isolate which has the same protein content as that of casein (more than 900 g/kg) was used. The fasting serum amino acid profile was also determined in order to elucidate the difference in hypocholesteraemic activity between animal and vegetable proteins.
METHODS

Materials
Casein (vitamin-free; ICN Pharmaceuticals Inc., Cleveland Ohio, USA) and the soya-bean protein isolate (Fujipro R; Fuji Oil Co., Osaka) were used. Both proteins contained 60 g moisture/kg and the nitrogen content (g/kg dry matter) was 1 4 5 and 1 4 4 for casein and soya-bean protein respectively.
Animals and diets Male Wistar rats (Kyudo Co., Kumamoto) were used throughout. In one experiment Sprague Dawley (Japan Cler Co., Osaka) and Donryu (Japan Rat Co., Saitama) rats were also used. The animals were housed individually in an air-conditioned room (22-25' , light period 06.00-18.00 hours and were given commercial pellets (Type NMF; Oriental Yeast Co., Tokyo) at least for I week before initiation of experiments. The composition of the basal diet (Sugano et al. 1977 ) was (g/kg): protein 200, mineral mixture 40, vitamin mixture (water soluble) 10, choline chloride 1.5, cellulose powder 20, and sucrose to I kg. Fat was added at the expense of sucrose. Vitamin and mineral mixtures (Oriental Yeast Co., Tokyo) were according to Harper (1959) . The diet contained (/kg): retinyl palmitate 4000pg, cholecalciferol 50 pg, DL-a-tocopheryl acetate IOO mg. The high-cholesterol diet contained (g/kg): 10 cholesterol, 2.5 sodium cholate (both added at the expense of sucrose). The present studies were composed of eight experiments in which different levels and kinds of dietary fats were used (g/kg): Expts 1-3 maize oil 50, Expts 4, 7, 8 maize oil 10, Expt 5 hydrogenated coconut oil 150, Expt 6 lard 100. The effects of feeding pattern and of the strain of rats were also examined. Rats were given the diets for 3-4 weeks, fasted overnight (18.0wg.00 hours) and killed by decapitation.
Lipid analysis
Serum and liver lipids were extracted according to the method of Folch et al. (1957) and analyzed for cholesterol (Sperry & Webb, 1950 )~ triglyceride (Fletcher, 1968) and phospholipid (Gomori, 1942). Serum P-lipoproteins were precipitated with mepesulfate (Florsheim & Gonzales, 1960) and the concentration of cholesterol in the supernatant fraction (alipoproteins) was determined, and P-lipoprotein cholesterol was calculated by difference, The concentration of serum apo A-I was determined by a modification of the rocket immunoelectrophoretic method of Laurel1 (1966) as described previously (Imaizumi et al. 1978) .
Faeces were collected for 2 d at the end of Expt 7 and lyophilized. From the unsaponifiable fraction, sterols were precipitated with digitonin. The digitonide was dissolved in dimethyl sulphoxide and sterol was extracted with hexane. Gas-liquid chromatographic analysis of faecal neutral sterols was carried out as previously reported (Sugano et al. 1977 ) using ga-cholestane as a calibration standard (Miettinen et al. 1965) .
Amino acid analysis
Serum free amino acids were determined using an amino acid autoanalyzer (JEOL JLC-6AH, Japan Electron Optical Lab., Tokyo) as described previously (Sugano et al. 1978) . Table I summarizes results obtained for weight gain, food intake, liver weight and the concentration of serum and liver lipids. There were no statistically-significant differences in weight gain between rats given different proteins in each experiment. In general, food intake was greater and liver weight was lower in the rats given soya-bean protein than in those given casein.
RESULTS
Serum and liver lipid Concentration
In rats given diets containing maize oil at 50 g/kg, the concentration of serum cholesterol was virtually the same for both dietary protein groups, regardless of the difference in the method of feeding (Expts 1-3). However, when cholesterol was included in the diet, the response of serum cholesterol showed no definite pattern. No consistent effects of different proteins on serum triglyceride and phospholipid and hepatic lipids could be observed.
When the dietary fat level was reduced to 10 g/kg (Expt 4), soya-bean protein produced a significantly lower serum cholesterol than casein. However, this difference disappeared when cholesterol was added to the diet.
The effect of different types of dietary fat was examined in Expts 5 and 6. When feeding a diet containing hydrogenated coconut oil or lard at 150 and IOO g/kgrespectively, there was no difference in the concentration of serum cholesterol between the two dietary protein groups.
These experiments showed that the effect of dietary protein on serum cholesterol of the rat was influenced by the amount of dietary fat, and soya-bean protein had a cholesterollowering effect only when a low-fat diet was fed.
Soya-bean protein, in a low-fat diet, produced a significantly lower serum cholesterol level than casein regardless of the difference in the method of feeding (ad lib. or pairedfeeding; Expts 7-1 and 7-2). In Expt 8, the effect of dietary protein was studied with different strains of rats of the same age and again soya-bean protein produced a cholesterollowering effect in Wistar rats. With Sprague Dawley or Donryu rats, the response resembled that found in Wistar rats, but the difference between the two dietary proteins was significant only in Donryu rats. In the experiments with a low-maize-oil diet, hepatic cholesterol tended to decrease when soya-bean protein was fed and the differences were often statistically significant.
As Table 2 shows the low level of serum cholesterol of rats given soya-bean protein was mainly due to a decrease in a-lipoprotein cholesterol, the decrease in ,&lipoprotein cholesterol was relatively small. Similar results were obtained when p-lipoproteins were precipitated with heparin and manganese (Warnick & Albers, 1978) . However, the proportion of alipoprotein cholesterol to total cholesterol was apparently the same between two dietary protein groups. The concentration of serum apo A-I was significantly lower in rats given soya-bean protein. Table 3 shows that rats given soya-bean protein, when compared with the animals given casein, excreted significantly greater amounts of neutral sterols of endogenous origin, accompanied by the increase in faecal weight. The conversion of cholesterol to coprostanol was not influenced by the type of dietary protein. 
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Serum aminogram
In order to elucidate the mechanism by which soya-bean protein produces the low serum cholesterol level, the serum amino acid pattern was analysed and typical examples of the results obtained are summarized in Fig. I . The serum aminogram indicated virtually the same pattern in rats given animal or vegetable protein, irrespective of the amounts and types of dietary fat. The addition of cholesterol to the diet caused a characteristic change in the profile, but again the response was essentially the same in both dietary protein groups. Several amino acids, proline, histidine, methionine, arginine and threonine, tended to decrease; the decrease was particularly marked with threonine.
DISCUSSION
The cholesterol-lowering activity of soya-bean protein could not be attributed simply to the decrease in food intake and hence weight gain. Huff et al. (1977) and Yadav & Liener (1g77), using rabbits and rats respectively, came to the same conclusion. Soya-bean protein exerted a hypocholesteraemic effect -only when the diet contained a low level of maize oil, and liver cholesterol also tended to decrease under this dietary treatment. The low-maize- Table I . Cholesterol feeding caused a significant decrease in the concentration of threonine (P < 0.001) and proline (P < 005) in (c) and threonine (P c 0.05) in (b).
Dietary protein and serum cholesterol
oil diet supplied linoleic acid at a minimum of 1.3 yo as energy and there was no sign of essential fatty acid deficiency as judged by fatty acid compositions of liver and serum lipids. With 50 g maize oil/kg diet, the hypocholesteraemic effect of soya-bean protein isolate was hardly noticeable. However, Carroll & Hamilton (1975) showed that plant proteins were less cholesteraemic than animal proteins in rabbits when a low-fat diet was ingested, but addition of maize oil to a casein diet largely prevented the increase in plasma cholesterol, thus making the difference small. When the fat source was replaced by hydrogenated coconut oil or lard no cholesterol-lowering action of soya-bean protein was observed. It is thus suggested that the regulatory effect of dietary proteins on serum cholesterol levels in rats is easily modified by the type and amount of dietary fat.
Since the first demonstration by Sirtori et al. (1977) on the cholesterol-lowering effect of soya-bean protein in hypercholesteraemic patients, there have been several human studies on this subject (Carrollet al. (1978) ; Nosedaetal.(1979);Sirtorietal.(r979)). Sirtorietd(r977) have found that the hypocholesteraemic effect of soya-bean protein is independent of the lipid composition of the diet. In addition, it appears that the hypocholesteraemic effect of the vegetable protein can be observed with the wide range of dietary fat levels (Carroll et al. al. (1979) ). The basic reason for the apparent difference between human and the experimental animals is not clear.
Garlich et ul. (1970) using diets consisting of an amino acid mixture demonstrated that glutamic acid had a hypocholesteraemic effect in humans. Huff et al. (1977) using alow-fat cholesterol-free diet provided evidence that rabbits given partially-hydrolysed soya-bean protein exhibited a greater cholesterol-lowering tendency than rabbits given the corresponding casein diet, but with an amino acid mixture equivalent to that of casein or soyabean protein the difference was markedly neutralized. In contrast, Yadav & Liener (1977) have observed with rats given a high-cholesterol diet that the amino acid mixture simulating soya-bean protein unlike that of casein has a significant hypocholesteraemic activity. If amino acid composition is the factor responsible for producing the change in serum cholesterol of rats, then the cholesterol-lowering effect of soya-bean protein is presumably ascribed to absolute or relative excess of specific amino acid(s) so far as the growth of rats is not influenced as in the present study.
In connexion with this assumption, Kritchevsky (1979) has recently pointed out that the ratio, arginine : lysine might be the major factor responsible for causing a change in plasma cholesterol of rabbits given different dietary proteins. The addition of lysine to soya-bean protein enhanced the atherogenecity of the diet containing that preparation, but results with the arginine-casein mixture have not shown a definitive response (Kritchevsky, 1979) . Huff et ul. (1977) have examined the effects of feeding the mixture with different proportions of caseir? and soya-bean protein isolate in rabbits, no increase in plasma cholesterol was observed with a 50 : 50 (w/w) mixture of these proteins and with a 75 : 25 mixture the level was intermediate to that observed with casein or soya-bean protein alone. Arginine : lysine in the latter mixture was calculated to be 0.64 compared to that of 0.48 for casein. It is not known how this small difference in the ratio influences the plasma cholesterol level.
Our results for the serum aminogram did not give any information about the relationship between the concentration of cholesterol and the type of dietary protein. Dietary supplements of cholesterol markedly reduced some amino acids, especially threonine, indicating that specific amino acid(s) may be closely involved in the metabolism of cholesterol; more threonine may be required when the intake of cholesterol into the body is increased. This response appeared to be influenced by the type of dietary carbohydrate (Sugano et al. 1978) .
In view of these results, the addition of specific amino acid($ to the diet seems to influence the response of serum cholesterol to different dietary proteins. In contrast with the results of Kritchevsky (1979), Jarowski and co-workers showed that dietary lysine lowered plasma cholesterol of rats (Jarowski & Pytelewski, 1975) and hyperlipidemic subjects (Raja & Jarowski, 1975) .
Feeding soya-bean protein resulted in a decrease in intermediate-density (1.006-1.019)-lipoprotein cholesterol in rabbits (Carroll et al. 1977) or low-density-lipoprotein cholesterol in humans (Sirtori et al. 1977 . In contrast, in rats there was a decrease in highaensitylipoprotein cholesterol after feeding soya-bean protein. This decrease accompanied the decreased level of apo A-I. In t h s context, differences between these studies in respect of experimental procedures together with a species-specific distribution of cholesterol in serum lipoproteins should be taken into account. The significance of the cholesterol-lowering potential of soya-bean protein in rats should not be underestimated. Fumagalli et al. (1978) reported that rabbits given soya-bean protein, in comparison with the animals given casein, excreted more neutral sterols in the faeces, whereas the excretion of bile acids remained unchanged. Our results (Table 3) On the other hand, there is evidence against the previously-mentioned considerations.
